Formation energy is defined as
ZnO atomic chains
Formation energy is defined as
where E w (Zn m O n ) is the energy of an atomic chain of m zinc atoms and n oxygen atoms, and E at (Zn) and E at (O) the energy of zinc and oxygen isolated atoms, respectively. Four atomic chains were studied by DFT calculations in order to verify that the structures observed are indeed the most likely to form. Fig 1 shows formation energy as a function of strain for different monoatomic ZnO chains according to DFT calculations. The most stable type of chain was found to be the one without an oxygen-oxygen bond. This is in excellent agreement with our MD simulations using the ReaxFF potential, where only one of such bonds is observed short before rupture. 
BCK and RFF performance
In order to compare performances of RFF, BCK, and DFT on nanostructures, stretching studies on chains and ladders were carried out using these three techniques. Results are shown in Fig. 2-4 To ease the comparison, energy values has been referred to that of the equilibrium. The most important outcome of these comparisons is the large energy error of BCK with respect to DFT. Another failure of the former, is the rigidity assigned to the θ angle, which above -5% of strain is always 180°. The most common chain length and the maximal chain length for each nanowire at different stretching speeds show similar values. Since the the strain speed seems to have little effect on the distribution of chain lengths, further calculations were performed at the fast stretching speed (8.0 m/s).
Voronoi charges
In order to study the evolution of the charge as chains are stretched, Voronoi charges [1] were calculated for three stages of stretching: at equilibrium (A), close to chain fracture (B), and after chain rupture (C). Results are shown in Fig. 6 . A negligible change on atomic charges is observed during stretching until the chain breaks. These charges are of the order of +1.1 e for zinc atoms, −1.1 e for oxygen atoms, and −0.55 e for each atom of the O 2 species. This values confirm the dual nature of the oxygen bond in O 2 ; each oxygen has an ionic bond with its Zn neighbor (only that with half the typical value) and a covalent bond with its oxygen partner. After rupture, terminal atoms decrease their module charge by 50%, approximately. This is simply because, when broken, they can only take or give charge from one neighbor, instead of two. 
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